Purpose Product sustainability assessment should evaluate the impacts on all three dimensions of sustainability (environment, economy, and society). Life cycle sustainability assessment (LCSA) is a framework that extends life cycle-based product assessment to all three dimensions. Evaluation of trade-off situations poses a challenge within LCSA in a business context, especially if improvement measures for product sustainability lead to higher costs. This paper introduces the concept of the Product Sustainability Budget (PSB) to enable a decision for improvement measures despite of rising costs. It demonstrates a way to create such a PSB and how to combine it with an operationalized LCSA framework at an automotive company. Methods A survey was carried out asking 250 potential customers of the premium car segment in Germany via Choice-BasedConjoint-Analysis (CBCA) about their preference of a sustainability interior package in a car. The sustainability package was one of the three specifications of a potential car interior (standard, luxury, sustainability) and was asked along four other attributes (price, drive train, engine power, and consumption). The survey was expanded by an Advanced-Van-Westendorp analysis to ask respondents about their willingness-to-pay (WTP) for such a package. The major findings of the study (take rate and price for the sustainability interior package) were then implemented in a business case logic from which the PSB was created. Results and discussion Nineteen percent of the entire sample would prefer the sustainability interior package to the other packages (=potential take rate) while the rest (81%) favored the luxury package. The package should be sold to this (potential) target group at price premium of 1.3-1.7% for a middle class limousine (or 0.4-1.1% when corrected for overstated WTP). It could be shown in a theoretical business case logic for such a sustainability package that the profit could be converted to form the PSB, which could compensate an increase in costs caused by a measure to improve product sustainability. The PSB opened up a solution space to identify the ideal set out of several possible improvement measures. Conclusions The introduction of an LCSA evaluation scheme on component level in combination with the proposed Product Sustainability Budget could enable substantial product sustainability improvement even when costs increase. The combination of an implicit CBCA and an explicit WTP study delivered a sound basis for creating this Product Sustainability Budget. The proposed concept should be applied in a business context to test its viability and additionally investigate customers' WTP for improved social impacts.
Introduction and goals
Life cycle sustainability assessment (LCSA) assesses the impacts of a product over its entire life cycle on all three dimensions of sustainability (Klöpffer 2003; Finkbeiner et al. 2008; Klöpffer 2008; Finkbeiner et al. 2010) . The operationalization of this framework should enable decision makers to improve product sustainability impacts in a business context. There are different approaches how to evaluate impacts on the three sustainability dimensions (economy, environment, and society) in order to achieve sustainability. They can be grouped into promoting Bstrong^or Bweak^sustainability (JRC 2012) . Within the approaches applying the concept of weak sustainability, improvements of impacts on one dimension can compensate for deterioration of impacts on other dimensions (Singh et al. 2009 ). The approaches that apply the concept of strong sustainability adhere to a hierarchical treatment of the dimensions allowing for no compensation. Within strong sustainability, the environmental dimension constitutes the highest instance as all social and economic interactions take place within the boundaries of our planet. The social dimension then constitutes the limits for economic activities (Singh et al. 2009; JRC 2012) . In this way, the concept of strong sustainability respects humanity's Blimits to growth ( Meadows et al. 1972; Meadows et al. 2007a ). However, the discussion around sustainable development in the business world, most notably the World Business Council For Sustainable Development (WBCSD), is more geared towards the weak interpretation of sustainability (Davies 2013) .
When presented with LCSA results, decision makers have to make decisions based on multiple criteria when evaluating measures or product concepts that differently affect the three dimensions of sustainability. This poses a challenge to finding an optimal solution. On the one hand, it is not clear how to deal with trade-offs between sustainability dimensions making it harder to come to a clear decision. On the other hand, when impacts on the economic dimension are concerned (e.g., higher costs due to a switch to a more sustainable production technique), a product alternative with higher costs might not even be considered because the economic performance of products is usually pivotal at companies that are themselves evaluated based on their economic performance. The latter challenge could be addressed by applying monetary valuation (Tarne et al. 2017) . The method of monetary valuation tries to translate the non-monetary impacts on the environmental and social dimension into monetary terms. This would bring impacts on all sustainability dimensions to the same level and make them easily comparable, eliminating a dominant influence of the economic dimension and making trade-offs easier to interpret.
To address the challenge of enabling decisions despite increasing costs combined with the operationalization of LCSA, the authors propose the introduction of the Product Sustainability Budget (PSB). This budget is a new concept created and introduced in this paper to translate the customer value of product sustainability features to create a solution space to find the ideal solution within a business context for the improvement of product sustainability based on LCSA evaluation. The PSB functions as complement to the LCSA framework. It helps to support the decision-making process on the improvement actions to be undertaken as indicated by LCSA, under the conditions of costs constraints. The objective of the PSB is to enhance the operability of LCSA, i.e., increase the usability of its results, rather than finding a differentiated way of monetizing the impacts on all three sustainability dimensions.
The goal of this paper is to develop and demonstrate a way to create this Product Sustainability Budget. The budget should be able to be used in combination with an LCSA assessment approach to find the optimal product concept or improvement solution for the product's sustainability performance. It should also enable the decision for product concepts or improvement measures that are an overall improvement of sustainability performance according to LCSA but would contribute to the increase of production cost.
To achieve this goal, the existing approaches to monetary valuation were looked at (Sect. 2.1) and the most relevant for the operationalization of LCSA within a business context was chosen (Sect. 2.2). Then, a specific method of monetary valuation within the chosen approach was selected (Sect. 2.3). A way to put LCSA into practice at an automotive company was introduced in Sect. 2.4. The study design and setup to determine the monetary value of sustainability impacts are shown in Sect. 3.1. The link between the study results and the LCSA framework by the creation of the Product Sustainability Budget is presented in Sect. 3.2.
The contribution of this paper is twofold. The first contribution is a concrete study regarding the evaluation of willingness-to-pay (WTP) for sustainability in the interior of a car. The second contribution is of conceptual nature, showing how these concrete results could be used to create the Product Sustainability Budget, which enables decision support based on LCSA results when evaluated improvement measures or product alternatives lead to higher costs.
Background
In this section, a short overview of monetary valuation approaches is given (Sect. 2.1). The successive selection of an approach for monetary valuation within this research is presented afterwards. It started with the decision for one approach out of the existing monetary valuation approaches (Sect. 2.2). The decision for a specific monetary valuation method within the chosen approach is presented in Sect. 2.3. The link of the monetary valuation with the LCSA framework aiming at facilitating LCSA-based decision making at an automotive company is introduced in Sect. 2.4.
Approaches to monetary valuation
Approaches to monetary valuation focus either on impacts on society or a company. Several methods or combinations of methods are applied within these approaches to determine what monetary values certain environmental impacts have. It is worth noting that different approaches often resort to the same methods, e.g., the Natural Capital Protocol as well as the ExternE approach used the WTP method to determine monetary evaluation.
The majority of approaches to determine impacts on society deals with the evaluation of costs to society due to environmental impacts. In general, the quantification of externalities, i.e., costs not represented in the market, falls into this category. A prominent project that attempted the internalization of externalities was the ExternE project (Markandya 2012) which developed an approach to determine externalities from electricity generation. They proposed an impact pathway approach that modeled the generation of emissions, their dispersion, the resulting impact on humans, and finally the monetary valuation of those impacts. The monetary valuation was done by determining the willingness-to-pay (WTP) to avoid the resulting impacts (European Commission 2005) . Another approach to the monetary valuation of environmental impacts that got attention was PUMA's Environmental Profit and Loss (EP&L) project (PUMA 2011). The company set out to determine the positive and negative externalities that their production activities and supply chains generated. The BSustainable Value^approach (Figge and Hahn 2004; Figge and Hahn 2005; Hahn et al. 2013 ) is also often found in relation to monetary valuation even though it would more correctly be classified as an Befficiency^approach. The approach proposes to evaluate companies based on key performance indicators pertaining to the three sustainability dimensions (e.g., profit, CO 2 emissions, number of employees) and build an industry average based on these evaluations. The sustainability assessment model (SAM) (Baxter et al. 2003; Bebbington et al. 2007; Frame and Cavanagh 2009 ) is sometimes also related to monetary valuation even though it Bretains a qualified commitment to monetization^ (Bebbington et al. 2007 ).
The Natural Capital Protocol (NCP) by the Natural Capital Coalition gives extensive guidance to businesses as to how to meaningfully include valuation of environmental impacts or ecosystem services into their business accounting (Natural Capital Coalition 2016) . Another approach was taken by Biesalski and Co. (2014) who determined the extent to which the sustainability image contributes to the entire brand value. In that way, companies can gauge the (indirect) monetary effect that negative or positive environmental performance could have on the company.
Choice and focus of monetary valuation approach
This research intends to identify an approach relevant for the operationalization of LCSA at a company. Therefore, the approaches focusing on society were not considered. From the approaches relating to a company's viewpoint, focusing on the benefits of improved product sustainability to differentiate the product from competitors, as proposed by the NCP, was chosen. This approach was deemed to be more promising for the promotion of the benefits of product sustainability improvements within a company.
Effects of monetary valuation of sustainability dimensions
Monetary valuation of sustainability impacts transforms qualitative information into monetary (quantitative) units. Monetary valuation of social impacts therefore enables the compensation of drastic individual impacts, for instance inhuman labor conditions like enslavement and death of workers, as they are assigned a cost. That means that they could be compensated by increased revenues or improved environmental performance. In some cases, this could lead to decisions for very profitable but inhumane product alternatives. Thus, monetary valuation of social impacts might support the violation of human rights and is therefore not applied in this research.
When attempting the monetary valuation of environmental impacts, a few points need to be considered. Currently, monetary valuations of environmental life cycle impacts are mainly carried out in relation to the societal costs (c.f. ExternE, EP&L etc.) that are not yet directly relevant for companies unless regulators mandate the internalization of these costs (Stanton 2012; Natural Capital Coalition 2016) . To express the company relevance of product sustainability performance, the route of determining the benefit for the company by finding out the added value for the customer was chosen for this research. That means that the Product Sustainability Budget in this research does not perform a monetary valuation of the impact category results of an LCSA and its determined impacts on all three sustainability dimensions directly. Instead, the customer value of sustainability features in a product is determined and later linked to the LCSA framework. That way, an amount to which additional costs do not affect the economic dimension within the operationalized LCSA framework (c.f. Sect. 2.4) can be set. Groening et al. (2015) found that customers are mainly interested in the emissions pertaining to the use of a vehicle as they fall in their realm of responsibility. Emissions related to the product's manufacture are the least important to them (Groening et al. 2015) . However, as the CO 2 emissions of the use phase are already regulated by the European Commission for the European market (European Commission 2007), this research laid its focus on the customer relevant aspects of the product manufacture. Customers are only interested in improved sustainability impacts when they are coupled with increased performance or increased customer satisfaction (Ottman et al. 2006; Biswas 2016) . Thus, this research focused on determining the customer value of sustainable interior components rather than the monetary value of the impacts of the vehicle's production or its components.
Customer relevant aspects

Specific monetary valuation method
When it comes to determining the added value of product features for customers, WTP is considered to be Ba monolith ( Lankoski 2010 
Previous studies
There are many studies on the consumer added value or their willingness-to-pay a price premium for product sustainability or its influence on the purchase decision. Depending on the study focus and product group, the results vary but generally indicate that product sustainability constitutes added value for consumers that can be capitalized.
Meta-studies A meta-study by Tully and Winer (2013) of 83 WTP studies found that 60% of respondents were willing to pay an average price premium of ca. 17% for socially responsible products. The premium was lower for durable than nondurable goods (Tully and Winer 2013) . Cai and Aguilar (2013) found a wide range of WTP in their meta-study of 19 studies on environmentally certified wood products. According to their analysis, customers were willing to pay between 1% and ca. 40% more for certified products with low-end and frequently used wood products being more likely to yield premiums (Cai and Aguilar 2013) . The meta-analysis of 18 studies on the WTP for green electricity by Sundt and Rehdanz (2015) showed that information on the effects of green electricity increased the WTP of consumers.
Various products A study by the European Commission of nearly 27,000 respondents found that 75% were willing to buy environmentally friendly products even if they were more expensive than conventional ones (European Commission 2008) . In 2013, they further determined that 77% of ca. 25,000 respondents were willing to pay up to 5% more for not further specified sustainable products (European Commission 2013). Further studies found various WTP for different products, e.g., 12% price premium for pet food by German consumers (Völker and Tachkov 2013), ca. 16% price premium for organic shirts by half of the interviewed US consumers (Ha-Brookshire and Norum 2011) or 2-16% price premium for environmentally labeled furniture in England and Sweden (Veisten 2007) . However, in the luxury goods sector, environmental concerns are not always desired by customers: Achabou and Dekhili (2013) found that French consumers did not desire recycled contents in luxury clothing.
WTP for automobiles Consumers rate financial factors before environmental ones (Krupa et al. 2014) . Even with expected fuel cost savings when using a hybrid vehicle, consumers are only willing to pay a modest premium which often lies under the initial premium that car manufacturers demand for hybrid vehicles (Krupa et al. 2014; Liu 2014) . For German consumers, the focus still lies on the use phase and their WTP for a decrease of CO 2 emissions is positive but dependent on their sociographic affiliation (Achtnicht 2012) . Hetterich et al. (2012) investigated the WTP of German consumers for sustainability features in a car's interior by direct inquiry but used haphazard sampling. They found a WTP for a price premium of 3.5% for a medium-sized vehicle (Hetterich et al. 2012 ). Figure 1 shows an overview of the methods that can be used to determine WTP of consumers and how they can be classified. For the study in this research, the group of individual measurements was chosen as the identification of a possible target group for sustainability features out of a large group of individual customers should be possible. As lotteries constitute non-realistic purchase situations-for instance, it is unsure for participants whether they receive the intended productthis method might elicit unrealistic and more strategic purchasing behavior from participants (Voeth and Niederauer 2008) . Auctions are more appropriate to assess WTP for scarce products, like rarities (Backhaus et al. 2005) . Furthermore, auctions could lead to a distorted purchasing behavior as strategic and competitive motivations as well as the anticipated excitement of a win can influence the WTP of participants (Kagel 1995; Ding et al. 2005) . Preference data can be gathered by direct inquiry (e.g., Van-Westendorp analysis) or indirect inquiry (e.g., Conjoint Analysis). Sattler and Nitschke (2003) showed that direct inquiries can produce results closer to the real WTP than conjoint analysis. But Backhaus et al. (2005) found that the same study design can yield the opposite results with conjoint analysis landing closer to the real WTP. Therefore, it was decided for this study to combine both methods. Conjoint analysis is considered to be replicating a realistic purchase situation and is widely accepted and applied in market research (Baier and Brusch 2009).
Choice of WTP method
The primary objective of the Van-Westendorp analysis is to validate and/or extend the results of other methods like conjoint analysis (Simon and Fassnacht 2009) . The extension of the study with a Van-Westendorp inquiry was considered to be a reasonable increase in volume of the study and effort for participants. The choice-based conjoint analysis (CBCA) is considered to be the best variation of conjoint analyses in regards to the quality of prognosis (Kaltenborn et al. 2013 ).
Choice-based conjoint analysis
The main goal of the CBCA is to capture the selection process of respondents as realistically as possible. In this method, not more than five to seven product properties should be tested as participants have difficulties evaluating too many alternatives (Kaltenborn et al. 2013) . As opposed to ranking of product alternatives in the classical conjoint analysis, the CBCA asks respondents for a discrete choice of the best alternative out of varying sets of three to five alternatives (Baier and Brusch 2009; Kaltenborn et al. 2013 ). The assumption is that respondents will always choose the alternative with the highest overall benefit for them (Ben-Akiva and Boccara 1995) . One of the choice options within a set is always a no-choice option if a respondent would choose neither of the given alternatives. In this way, the purchase decision of consumers is more realistically captured, which in other methods like classical conjoint would require modifications like a limit card (Cohen 1997; Baier and Brusch 2009) . The number of choice tasks, i.e. choosing the best alternative out of a set, should not exceed 20 (Johnson and Orme 1996) . Even though the CBCA in its roots is an aggregated measurement method (Kaltenborn et al. 2013) , the application of the hierarchical Bayesian method (HB) enables the estimation of individual utility values (Baumgartner and Steiner 2009) . Utility values represent the utility or strength of preference (positive values) or the strength of rejection (negative values) of a product attribute specification for a potential customer. They have to be considered relative to the other evaluated attribute specifications rather than as an absolute indication of an independent preference value.
The choice of product attributes and their specifications are crucial for the results of the analysis. Backhaus et al. (2011a) (2002), Sattler and Nitschke (2003) , and Voeth and Niederauer (2008) Westendorp 1976). The Van-Westendorp analysis is trying to identify this acceptable price range and additionally an optimal as well as an Bindifference^price for consumer. The indifference price can be interpreted as average market price or median (Müller 2008 The cumulative evaluation of those four price levels and the share of respective respondents result in four price curves (van Westendorp 1976; Müller 2008) . From the intersection of those curves, four price levels can be identified. First, the indifference price point (IPP) which could be interpreted as market average price. Second, the optimal price point (OPP) which denotes the optimal price for the consumer. The point of marginal cheapness (PMC) and point of marginal expensiveness (PME) denote the lowest and highest price of the acceptable price range, respectively. Especially when evaluating new products, the Van-Westendorp analysis is a good choice (Reinecke et al. 2009 ). As with all methods that directly inquire the WTP of consumers, the over-estimation of the importance and thus the amount of the price premium is a drawback of the Van-Westendorp analysis (Reinecke et al. 2009 ). List and Gallet (2001) and Murphy et al. (2005) found that hypothetical WTP often differs by factors of 1.5 to 3 from real WTP. Roll et al. (2012) extended the Van-Westendorp analysis by translating the consumer relevant price levels into a demand function by which users of the method can deduct at which price level the highest revenue is to be expected. Thus, the method helps to shift from a consumer's to a company's perspective and can determine the optimal price for the product from a company's viewpoint.
Increasing the usability of LCSA results to support decision making
The LCSA framework as defined by Klöpffer (2003 Klöpffer ( , 2008 and Finkbeiner et al. (2008) is operationalized at an automotive company and therefore applied to an entire vehicle. The implementation of LCSA at an automotive company has to overcome several challenges (Tarne et al. 2017 ). In the following, the main challenges and how they are overcome are presented and an approach is introduced to putting the LCSA framework into practice at an automotive company. The consistent execution of the three life cycle-based analyses is a point to be resolved, especially as S-LCA is comparatively low in method maturity (Finkbeiner et al. 2010; Martínez-Blanco et al. 2014; Klöpffer and Grahl 2014; Karlewski 2016) . One initiative to present practical guidance on how to assess the social impacts of products has been presented by the Roundtable for Product Social Metrics that produced the Handbook for Product Social Impact Assessment (Fontes et al. 2015; Fontes et al. 2016) . The sensible integration of LCC alongside LCA and S-LCA is also in debate. The point has been made by Jørgensen et al. (2010) , Wood and Hertwich (2013), and Neugebauer et al. (2016) that LCC in its current form is unfit to complement LCSA and S-LCA in a meaningful manner. Especially, the focus of the analysis and the inherent conflict of goals (minimize costs for consumers but maximize value added for society) was called out by Wood and Hertwich (2013) . As the focus of this research lies in putting LCSA into practice at an automotive company, the ideal decision support from a company's viewpoint should be ensured first. Thus, the applied framework is geared towards enabling decision making at an automotive company and the company perspective is chosen for the LCC performance. This way, the conflicting targets of LCC are resolved as the target is interpreted from the company's point of view. There is also no consensus on how to effectively support decision making, especially when trade-offs within or between LCSA dimensions occur (Traverso et al. 2012; Tarne et al. 2017 ). Furthermore, the indicators for each dimension are chosen in line with the company's (product) sustainability strategy and targets which makes it easier to interpret whether an impact is positive or not, i.e., aligned with the strategy/targets or not. Another challenge to put LCSA into practice at an automotive company is the lack of monetary interpretation of product sustainability impacts (Tarne et al. 2017) .
In the vehicle development process, components are often used as the smallest manageable unit supported by the trend of increasingly outsourcing component development to suppliers (Ciravegna et al. 2013 ). Therefore, the Bresolution^at which the vehicle is assessed is the component level. To identify the greatest potentials to improve product sustainability impacts at the component level, the focus is, in a first step, laid at the production phase. The Binitial set^in Fig. 2 shows the theoretical assessment of a vehicle's components regarding their LCSA performance in the production phase. The proposed way of applying LCSA to a vehicle introduces criticality points to measure the overall (negative) impact of the respective component on the concerned sustainability dimension. The criticality points of the approach shown in Fig. 2 are determined by the relative performance of the respective component in the respective sustainability dimension compared to the other components that make up a vehicle. The criticality points are determined based on any selection of indicators deemed relevant to the company's product sustainability goals. For example, the LCA dimension of the evaluation scheme in Fig. 2 could be determined based on the greenhouse gas (GHG) emissions and the water consumption during the production of the respective component. That means the amount of GHG emissions and water consumption are compared between components. Outranking methods like VIKOR (Opricovic and Tzeng 2004) , PROMETHEE (Brans 1982; Behzadian et al. 2010 ), or ELECTRE (Benayoun et al. 1966; Govindan and Jepsen 2016) would be suitable for this comparison, because they transform absolute metrics from any measurement unit (e.g., kg, m 3 , € etc.) into relative metrics that are dimensionless. That means that they would transform the impacts of GHG emissions and water consumption into dimensionless scores that can be normalized to a scale of 0-100 and be aggregated. The proposed approach awards the component with the highest combined impact in an LCSA dimension 100 criticality points in the respective dimension. The component with the lowest impact is assigned zero criticality points. For instance, component A in Fig. 2 has the highest overall social impact (e.g., due to the high share of its materials coming from socially critical sources) reflected in the 100 criticality points in the S-LCA column. The environmental impacts are also comparatively high with 72 criticality points in the LCA dimension, meaning that the combined GHG emissions and water use during its production amount to 72% of the component that performs worst in the LCA dimension. As the relative evaluation of this approach puts the absolute values of all considered components into relation to the span between the top and worst performing component (Opricovic and Tzeng 2004; Opricovic and Tzeng 2007) , the awarded score will change as soon as the best or worst performing component is changed.
In principle, the concept of strong or weak sustainability can be translated into this evaluation. Following the concept of strong sustainability, no compensation between sustainability dimensions is allowed. Therefore, the performance in the LCA dimension would be the priority. Deterioration in this dimension would not be accepted, and only if this dimension is not negatively impacted, the impact on the S-LCA dimension would be considered. And finally, if LCA and S-LCA are not negatively impacted, the LCC dimension could be considered. As mentioned in the introduction, this concept would be Fig. 2 Evaluation of an improvement measure for component B. The impacts on the environmental (LCA) and social (S-LCA) dimension have improved from the company's perspective while the impact on the economic (LCC) dimension has deteriorated. Even though applying equal weights, the overall change in criticality would be acceptable (the overall LCSA criticality points of B* are lower than those of B), the increase in costs, however, would most probably constitute a deal-breaker in a business context. Thus, the decision for improving component B is uncertain. The figure shows fictional values for demonstration purposes preferable when the BLimits to Growth^as postulated by Meadows et al. (1972 Meadows et al. ( , 2007b are to be considered.
However, as this operationalized framework tries to garner more support within the industry, it follows the weak concept of sustainability (Davies 2013) and therefore compensations or trade-offs between dimensions are possible. To adopt this interpretation at a company could entail the risk that it is accused of green-washing (Parguel et al. 2011; Kruschke and Vanpaemel 2015) as it would accept deterioration in environmental impacts for the benefit of increased profits (Figge 2005) .
For the presentation of the mechanics of the operationalized LCSA approach in the following, equal weights are assumed. The overall LCSA criticality points can be used to:
1. Determine the component with the highest overall impact on product sustainability 2. Evaluate improvement measures
The first application of the operationalized LCSA method is clearly visible in the ranking itself when components are sorted by the overall LCSA criticality points. The component with the highest overall LCSA criticality points represents the one with the highest overall impact on product sustainability. The list could therefore help practitioners in prioritizing their search for product improvement measures. The second application is visualized in Fig. 2 .
At the top of Fig. 2 , the evaluation of the initial set of components is shown. A possible improvement measure in the production of component B, e.g., the switch from grid mix electricity to locally generated renewable electricity in the production process, changes the impacts on the three sustainability dimensions. The environmental and social impacts have improved, e.g., due to less environmental impacts and local employment, but the economic impact has declined, e.g., due to higher electricity prices.
One crucial step of this operationalized framework is the aggregation of indicators within and the criticality points between three separate dimensions to an overall sum of LCSA criticality points in order to support decision makers in their assessment. Depending on which aggregation logic is applied, these changes in criticality points could result in a change of the overall LCSA criticality points giving decision makers the clear indication that the evaluated improvement measure would contribute to the overall improvement of product sustainability. This challenge is addressed by Tarne et al. (2018) through the introduction of weights to the sustainability dimensions. However, in a business context, an increase in costs would most likely lead to the rejection of the improvement measure for component B. Here, the concept of monetization, and the Product Sustainability Budget in particular, offers a solution.
The PSB is not a way to monetize sustainability impacts in the sense of determining the causal relationship between impacts caused along a product's life cycle and potential costs to society or a company. The PSB rather gives an interpretation from a business point of view how much product sustainability contributes to additional revenue and how much of this can be invested in product sustainability improvement measures.
Methods
To determine the willingness-to-pay for sustainability features, a choice-based conjoint analysis in combination with an Advanced-Van-Westendorp analysis was carried out (Sect. 3.1). The creation of the Product Sustainability Budget drawing from the WTP study results is presented in Sect. 3.2.
3.1 Determining the customer value of a sustainability package in a premium car
As laid out in Sect. 2.2, the focus of the study was placed on the customer relevant aspects of sustainability within a premium car. Therefore, a fictitious sustainability interior package was devised that was characterized by several measures that could be perceived by customers and had a positive impact on at least one environmental category (e.g., CO 2 emissions or resource use). To reduce social bias regarding sustainability and to simulate a more realistic purchase decision, the interior sustainability package was presented along four other vehicle properties (price, drive train, engine power, and consumption) to implicitly derive the utility of the said package for potential consumers.
Selection of stimuli
To avoid the number of level effect, i.e., the over-estimation of attributes with more specifications (Baier and Brusch 2009), and to enable a symmetric study design, the same number of specifications per attribute were set. To also avoid cognitive overload of respondents, the number of attributes were limited at five as the range of the maximum suggested number of attributes is five to seven (Sichtmann and Stingel 2007; Kaltenborn et al. 2013) . Table 1 shows the chosen attributes and specifications.
The attribute BPrice^was chosen as it was deemed an important factor in the purchase decision. The specifications were chosen for a lowly motorized and equipped middle class limousine (low), a medium motorized equipped middle class limousine (medium), and a highly motorized and equipped middle class limousine (high). As it is an important attribute of vehicles and at the same time ties into the sustainability properties, the BDrive Train^was also selected as an attribute.
Combustion hereby included gasoline and Diesel powered vehicles, hybrid denoted the combination of combustion engine and externally rechargeable battery-electric engines. Electric referred to a purely battery-electric vehicle. As the envisioned target audience was of the premium segment, BEngine Power^was also chosen as an attribute. The specifications were based on the mostly used motorizations of the chosen middle class limousine. As the preference of sustainability aspects should be measured indirectly but be customer relevant, a sustainability interior package was defined. A dashboard from natural fibers, trim strips of FSC certified wood and a cup-holder of recycled ocean plastic characterized the fictitious sustainability package. Alternatives for the attribute BInterior Package^were a standard package (dashboard of plastics, trim strips of painted plastic, and a cup holder of plastic) and a luxury package (dashboard covered with leather, trim strips of coated exotic wood or metals like aluminum or chromium, and a cup holder of carbon). As fifth attribute, BConsumption^was chosen as it constituted an economic (fuel costs) and environmental (CO 2 and other emissions) factor in a car purchase. Respondents could select the specifications Blow^, Bmedium^, and Bhigh^. To give an indication for combustion, hybrid, and electric vehicles, the levels of consumption were given in liters (l) and kilowatt-hours (kWh) per 100 km (c.f. Table 1) . Attributes like brand, vehicle type (e.g., sports utility vehicle (SUV), sports car, station wagon), or color were deliberately not chosen as personal taste should be excluded as best as possible from the conjoint analysis. To nevertheless respect these relevant factors in the virtual purchase situation, respondents were informed at the beginning of their choice tasks that they should envision already having chosen a type, brand, and color for their car and that they would be asked to choose additional features in the following steps. For price, engine power, and consumption, the vector model was assumed for the utility values whereas drive train and interior package were assumed to follow no particular function, thus the part-worth model.
With three specifications per attribute, 243 (3 5 ) stimuli were possible. To reduce the number of possible alternatives to a manageable amount, a representative set of 20 stimuli was derived via study design algorithms from XLSTAT (=reduced design). In the choice task, respondents were asked to pick their favorite alternative out of three possible stimuli or select the Bno choice^option. Respondents were asked to complete 20 of those choice tasks. The stimuli were additionally represented by visual symbols in order to make them easily understandable and discernable.
Measurement of WTP
The Advanced-Van-Westendorp analysis consisted of five questions. The first question was designed to determine whether respondents would consider buying the sustainability package. The sustainability package was again presented to respondents who had to answer the following question with yes or no: BWould you generally consider buying this sustainability package with your next car?^Only respondents who answered Byes^were included in the analysis to derive the ideal price at which the sustainability package should be sold. The question was followed by the four questions regarding the four price levels cheap, too cheap, expensive, and too expensive (c.f. Sect. 2.4.4).
Sample selection
A sample size of n = 250 completed surveys for the German market was completed via an online panel service that was certified according to ISO 26362. To identify potential customers of interest, respondents should be car holders that were involved in the decision of the purchase of a car, prefer buying new cars (where the choice of an interior package is relevant and can be influenced), and be interested in buying a car in the future. As the premium car sector was of interest, respondents were asked which brands they would consider in their next car purchase. If no premium brand was present, they were excluded from the survey. The sample selection was ensured by respective screening questions at the beginning of the survey that halted the survey if the criteria were not met.
Study execution
At the beginning of the questionnaire, respondents were asked several screening questions to ensure that they were potential customers of interest (c.f. Sect. 3.1.3). Afterwards, they were introduced to the three different interior packages. Table 2 shows how they were characterized. In addition, respondents were shown an exemplary picture of the respective interior package, where the differences in the materials could be seen.
Respondents were then presented with 20 choice tasks out of which they were asked to select their preferred option. Figure 3 shows an exemplary choice task.
After completion of this task, they were shown the sustainability interior package again and asked the four AdvancedVan-Westendorp questions (c.f. Sect. 2.3.4). As a last step, they were asked about socio-economic status, i.e., monthly income, age, occupation.
Evaluation of study
The hierarchical Bayesian method was used to iteratively estimate the individual utility values based on the overall distribution within the sample. In the following, the method is described in short. For more information on the hierarchical Bayesian method, the reader is referred to Gelman et al. (2004) . First, the normal distribution was assumed as underlying distribution of the individual utility values. The choice pattern of respondents was characterized by applying a multinomial logit approach. In a following iterative approach, the individual utility values were estimated by considering individual respondents choice pattern and the underlying value distribution of the aggregated sample. As pointed out in Sect. 2.3.3, the resulting utility values-as in all conjoint analyses-are relative values, i.e., they can only be interpreted in the present approach and only in relation to each other. The built-in hierarchical Bayesian method (HB) algorithm in XLSTAT was used for the estimation of utility values. The following analyses were carried out via SPSS.
To identify the target group for the sustainability package, i.e., the fraction of the study sample that would choose the sustainability package to be in their new car, the respondents were filtered by the following criteria:
& Respondents who preferred the sustainability package to the other interior packages, i.e., the utility value of the sustainability package was higher than for the other packages & The preference for the sustainability package should have non-negligible effect on the decision for the respective stimulus, i.e., utility values > 1 & Respondents who answered Byes^to the question whether they would consider buying the sustainability package in the Advanced-Van-Westendorp analysis
Creation of the product sustainability budget and link to LCSA framework
This section lays out a proposition to translate the WTP for customer relevant sustainability features (as measured by the study in Sect. 3.1) to the entire product in order to enable the implementation of measures that improve product sustainability but have no direct customer benefit. Figure 4 shows the mechanism of the proposed Product Sustainability Budget. The premise for the Product Sustainability Budget starts at the customer perception of sustainability. It is divided into directly perceivable aspects (like a sustainable interior) and indirectly perceivable aspects (like an improved carbon footprint). Directly perceivable product aspects can be capitalized in the market as the WTP study in this paper was designed to evaluate. Indirectly perceivable aspects cannot, or at least hardly, be capitalized in the market but nevertheless contribute to a more sustainable product. The process depiction in Fig. 4 is obviously simplified to demonstrate the general mechanism. Every business would apply its own approach to business case calculation here. The revenues incurred by the sale of, for instance, a sustainable interior package would have to cover the costs for production, distribution, administration etc. of this package. If the business case were positive, the rest would go as profit towards the company's balance sheets. The proposition in this paper is to declare a share of this profit as a Product Sustainability Budget. That means, this money would not go towards the company's balance but would rather be re-invested into indirectly perceivable product sustainability features. This diverted profit could be connected with the operationalized LCSA framework (c.f. Sect. 2.4) to support decision making based on LCSA results. That means that the LCSA results as determined based on the operationalized framework were used to identify a set of improvement measures to be undertaken. On this set of improvement measures, the PSB was applied to support the decision-making process at an automotive company under the conditions of costs constraints. The study setup in this paper was done independently from the considered LCSA dimensions in the operationalized framework. This poses no problem as the Product Sustainability Budget basically provides an amount of money with which sustainability improvement measures can be financed. The way this amount is determined is based on the determined customer added value and a business case logic (as shown in Fig. 4) . In this way, product sustainability could be improved even if proposed improvement measures or product features would pose a trade-off situation in the LCSA framework due to cost increase. For example, if 50 € of the profits from the sale of a sustainability interior package should go towards the Product Sustainability Budget and 20% of customers choose this interior for their car, every vehicle can be allocated an allowance from this budget of 10 €. If we look at the improvement measure of component B (c.f. Fig. 2 ) again and the calculated price increase per unit due to this measure would amount to 5 €, the evaluation would look as displayed in Fig. 6 .
In Fig. 2 , the improvement measure for component B posed an inacceptable (at least in a business context) tradeoff due to increased costs. Once the Product Sustainability Budget is introduced, the cost increase can be covered and thus does not affect the performance in the LCC dimension. The LCC criticality points for component B* remain unchanged in Fig. 5 enabling a clear decision support for the improvement measure.
The proposition of this paper is to enhance the decisionmaking process for product sustainability improvement measures that are evaluated by LCSA at an automotive company. The LCSA framework to be augmented by the PSB has been made more operational by previous steps-especially the introduction of weights (Tarne et al. 2018) . These weights reflected the weightings of decision makers at an automotive company and were used to determine an overall LCSA impact Fig. 4 Mechanism of the product sustainability budget of a car or its components. That means that trade-offs between sustainability dimensions were deemed acceptable, thus putting the approach into the realm of weak sustainability. However, human rights violations were explicitly excluded from the trade-off evaluations as they were deemed as KO criteria from the company's point of view.
How the Product Sustainability Budget provides a solution space for finding the ideal set of measures for overall product sustainability improvement is shown in Sect. 4.2.
Results and discussion
In this section, the results of the study on the customer value of a sustainability package in a premium car are presented (Sect. 4.1). In Sect. 4.2, the way of exploiting the solution space provided by the Product Sustainability Budget when linked to the operationalized LCSA framework is laid out.
Customer value of a sustainability package in a premium car
Out of the sample of 250 respondents, 30 had to be excluded as their share of Bno-choice^answers in the 20 choice tasks was too high to be used in the analysis. The utility values of the sustainability package are presented in Sect. 4.1.1 for the entire sample and for the target group of the sustainability package. The price at which this sustainability package should be sold is presented in Sect. 4.1.2. Figure 6 shows the utility values of the investigated attributes and their specifications for the entire sample and the target group for the sustainability package (the identification process of the target group is described in Sect. 3.1.3). The target group for the sustainability package constituted 19% of the entire sample (42 respondents out of an entire sample of 220 valid responses).
Utility values of the sustainability interior package
The utility values in Fig. 6 indicate that the sustainability package had a clearly higher utility value (1.70) for the target group than for the entire sample (0.15). This should be expected as the members of the target group were defined to be respondents who assigned the sustainability package a utility value of more than 1.0. This was also reflected by the higher overall importance of the attribute BInterior Package^for this group, which influenced their purchase decision with 14% compared to 11% for the entire sample. The entire sample preferred the luxury package (utility value = 0.76) to the other packages which was expected for customers from the premium car segment. But even for the entire sample, the sustainability package was clearly preferred to the standard package (utility value of 0.15 vs. − 0.91). Both groups did not prefer the standard package.
The determination of the utility values for consumers of the respective attributes is estimated by relying on utility value models that describe the utility function of an attribute. The most common are the vector, the ideal point, and the partworth model (Backhaus et al. 2011b ). The vector model assumes a linear relationship between attribute specification and utility value (e.g., price; the cheaper the better). The ideal point model assumes an optimal attribute specification below or above which the utility value decreases (e.g., sweetness coffee; too much or too little is worse). The part-worth model does not assume any relationship between attribute specification and utility value. Especially for discrete attribute specifications, like color, this model is applied.
For the attributes price, engine power, and consumption, the utility values followed the vector model, as assumed. The higher the price was, the more negative the utility value. The target group did not set itself clearly apart in its utility function regarding price from the entire sample hinting at a consistent evaluation of price within the premium car segment. This was supported by the medium price (35,000 €) still having a decent positive utility value (1.40) meaning that the entire sample had a high price tolerance. Engine power also followed a Bthe higher, the betterl ogic which was also not surprising for the premium car segment.
Here, target group and entire sample also showed consistent evaluation. When looking at consumption, the evaluation of the target group differed slightly from the entire sample. While both consistently deemed higher consumption less favorable, the target group placed more importance on this attribute. This was reflected by the higher utility values and the overall importance of this attribute (33% vs. 26% of the entire sample). As price was consistently valued between both groups, the economic importance of consumption should also be expected to be the same. Thus, the difference in importance between both groups could be due to the environmental interpretation of this attribute by the target group, meaning that people who preferred the sustainability package also wanted their car to consume less fuel, be it conventional or electricity, to reduce their environmental impact further.
Both groups preferred hybrid and combustion to the electric drive train. This might have been due to skepticism towards the range and infrastructure of this alternative as the hybrid drive train was clearly favored to the combustion engine by the target group. The entire sample still marginally favored the combustion engine which also posed no surprise as the sample, like the premium car segment, was mostly made up of consumers of advanced age (51% of respondents were older than 45 years) indicating a certain reliance on familiar technologies. However, the hybrid drive train was an acceptable alternative in the premium car segment with the utility values of both groups ≥ 1.03. Fig. 6 Utility values of the investigated attributes and their specifications for the entire sample and the target group for the sustainability package (top). The overall importance of the respective attribute in the purchase decision for the entire sample and the target group is shown at the bottom Figure 7 shows the range of the utility values for the entire sample.
Interestingly, the attributes with higher weight in the purchase choice (e.g., price-c.f. Fig. 6 ) exhibited larger ranges of utility values than attributes with less weight, e.g., the interior package. This indicated a lower consistency in the valuation of the more important attributes throughout the entire sample. The highest consistency in utility values across the sample was recorded for the sustainability interior package, the medium consumption, the medium engine power, the medium price, and the standard interior package. This means that the conclusions drawn for the utility of a sustainability interior package derived from this research can be deemed robust, as the premium car segment appeared to have a consistent evaluation of the utility of this sustainability package.
WTP for a sustainability package
Out of 250 respondents, 179 answered Byes^to the question if they would generally consider buying the sustainability package. In Fig. 8 , the results of the Advanced-Van-Westendorp analysis for the target group of the sustainability package are presented as they represent the relevant group of customers for determining the price at which to offer such an interior package.
In Fig. 8 , the results of the standard Van-Westendorp and Advanced-Van-Westendorp analysis are shown together. The four price points were retrieved by the standard VanWestendorp analysis. The acceptable price range for the sustainability package for the target group ranged from 0.5% (i.e., the point of marginal cheapness, PMC) of the price of a middle class limousine to 1.7% (i.e., the point of marginal expensiveness, PME). The optimal price point (OPP) and indifference price point (IPP) laid at 1.0%. The price for highest relative revenue and thus the optimal price from a company's viewpoint laid at 1.3% and 1.7%. This was half of what Hetterich et al. (2012) found as customer's willingness to pay a price premium for sustainable interior components. However, the studies are not readily comparable as the study of Hetterich et al. used haphazard sampling and determined WTP by pre-defined Likert scale points.
When social bias for a direct inquiry of WTP is considered (c.f. Sect. 2.4.4), the actual WTP would lie 1.5-3 times lower (List and Gallet 2001; Murphy et al. 2005) . Thus, a price of as low as 0.4% of the price of a middle class limousine (=worst case: 1.3%/3) or as high as 1.1% (=best case: 1.7%/1.5) should be aimed for.
Sustainability budget and link to LCSA framework
The values in this section are fictional values. They are used for illustrative purposes to show how the Product Sustainability Budget, derived from a business case calculation, could be used to enable decision support within the LCSA framework if costs would increase. For this research, it was assumed that the business case of Sect. 3.2 in combination with the results in Sect. 4.1 yielded a Product Sustainability Budget of 10 €. That means that for every product, up to 10 € of cost increase could be compensated as they have already been earned by the sustainability interior package. The Product Sustainability Budget therefore opened up a solution space in which the best solution for overall product sustainability improvement according to the operationalized LCSA framework could be sought. If several improvement measures are available that differently improve LCA or S-LCA performance while differently increasing costs, the optimal overall solution might not be clearly visible. Table 3 lists several theoretical measures to improve product sustainability impacts.
To find the ideal solution, linear optimization was applied using Excel Solver. The Product Sustainability Budget was taken as a restraining factor while the sum of LCA and S-LCA criticality points was optimized. This yielded that the combination of improvement measure II and VI would yield the highest improvement in product sustainability (− 66 criticality points) while still staying within the limit of the Product Sustainability Budget (9.40 €). That means that it allowed the selection of the ideal improvement measure from several alternatives from a company's perspective.
Even though the impacts themselves have not been subject to monetary valuation in this research, the Product Sustainability Budget enabled the decision support in tradeoff situations with increased costs by translating customer added value to the LCSA framework evaluation.
The introduction of weights by Tarne et al. (2018) enabled the consideration of trade-offs and adopted the weak interpretation of sustainability. Therefore, crucial conditions of the interpretations of the trade-offs between sustainability dimensions have been fixed already. Nevertheless, as the two concepts-the LCSA framework and the PSB-are independent from each other, the evaluation logic of the LCSA framework does not influence the way that the PSB can be applied.
The WTP study to derive the current PSB only considered the environmental dimension. This might be confusing for readers as the PSB was then used to support decision making Fig. 8 Results of Advanced-VanWestendorp analysis for the target group of the sustainability package at a company based on LCSA results where all three dimensions were evaluated. It is therefore reiterated that both concepts evaluated two different aspects of product sustainability. The LCSA framework evaluated the product sustainability impacts while the PSB evaluated the customer added value of product sustainability. The PSB was used to give financial leeway for a company in its decision process. The limited evaluation of just environmental impacts in a sustainability interior package therefore might have led to an underrepresented WTP by potential customers and therefore to a lower PSB. However, the focus on this one sustainability dimension does not render the results or the PSB invalid for use with LCSA results. If anything, it shows that already the consideration of one sustainability dimension for a PSB enabled the support of the decision-making process on the improvement actions, under the conditions of costs constraints. The augmentation of the operational LCSA framework with the PSB is therefore seen as a valid step towards enhancing the usability of LCSA at an automotive company.
Limitations and future research needs
As this study focused on overcoming the challenge of decision support within LCSA, the other methodical challenges like the maturity of S-LCA or the meaningful integration of LCC in the framework remain open points. To operationalize the LCSA framework, the company perspective was chosen for the life cycle analyses. The issue of trade-offs within as well as between LCSA dimensions was simplified by assuming equal weighting and a weak interpretation of sustainability. In addition, the focus of the LCSA analysis was laid on the production phase. These assumptions limit the ability of the presented approach to assess overall product sustainability improvements in a comprehensive way. Further research could address at integrating the LCC approach as suggested by Wood and Hertwich (2013) and at consolidating the product sustainability impacts as evaluated from a company perspective with those of the perspectives of other stakeholders. The LCSA implementation scheme and monetary valuation of customer relevant product sustainability features in this study was aimed at improving impacts in the production phase. An expansion to include and evaluate the impacts on the use phase in combination with the Product Sustainability Budget would be a next step to fully lift the presented approach to an analysis encompassing the entire life cycle. The social aspects were not considered in the WTP study in this research. This was primarily due to the fact that KO criteria from the company's point of view-like human rights violationsshould not be monetized. Furthermore, the approach focused on customer relevant aspects of product sustainability in a car. The social impacts were deemed to be less customer relevant than the environmental aspects as the former cannot be made tangible that easily in a car. The WTP analysis was done for the German market; thus, studies in other markets would add to the understanding of WTP in different markets. As the WTP study quantified a hypothetical amount that consumers would be willing to pay, the development of the Product Sustainability Budget based on existing capitalized product sustainability features would ground it in tangible values. The application of the Product Sustainability Budget in a real case study should additionally test its viability. Finally, the question of how to weight sustainability dimensions would be a question that has to be answered for every company, individually. Furthermore, another approach like the valuation of costs incurring to a company due to worsened environmental impacts would add to the evaluation done in this paper. An investigation linked with avoided costs models (de Groot et al. 2002; de Groot 2006) could yield additional insights.
Conclusions
The goal of this paper was to develop and demonstrate a way to create a Product Sustainability Budget that would enable decision support in trade-off situations within an operationalized LCSA framework at an automotive company where impacts on the economic dimension would worsen, i.e., increase in costs. It could be shown that by applying a monetary valuation approach to measure the WTP of consumers for directly perceivable product features, a business case for a sustainability interior package for a car can be made. The study combined CBCA to find out a target group within a sample for the German premium car segment that would prefer the sustainability package to other interior packages and consider it in a purchase decision. In combination with an Advanced-VanWestendorp analysis, the ideal price at which to sell this package could be determined. The share of the target group in the entire sample in combination with the derived selling price was fed into a business case calculation that could determine the expected profit from selling a sustainability interior package. The proposed Product Sustainability Budget would divert part of this profit towards measures for improving product sustainability. In this way, the most effective set of measures for improving overall product sustainability could be identified with an LCSA framework approach as long as the Product Sustainability Budget could compensate for an increase in costs. As this budget has been defined beforehand and is financed by product sustainability features, the argument for its adoption at a company should be facilitated. As the operationalized LCSA framework used weights to calculate an overall LCSA impact score, it allowed for trade-offs between sustainability dimensions and therefore represented the weak interpretation of sustainability. This could, in turn, harbor the risk for the company that uses this approach to be accused of green washing because improvement measures can be implemented that lead to a deterioration in one of the sustainability dimensions. Even though extreme social violations-like human rights violations-were categorized as KO criteria, other impacts-like worse remuneration of workers-could still be a result when applying the presented approach. Future research could look at the customer added value of improved social impacts, e.g., acquiring and labeling materials and components after the BFair Trade^system. Furthermore, the customer relevant aspects of the use phase should be investigated. The additional consideration of the social sustainability dimension in future WTP studies might lead to a stronger PSB. More specifically, if future studies find additional WTP of customers for social sustainability in a car, the financial leeway to counter cost constraints would become even larger, enabling more product sustainability improvement measures to be realized at a company. Future research should also look at expanding the perspective within the operationalized approach to other stakeholders and the use phase. Furthermore, applying a cost approach for monetary valuation, e.g., avoided costs models, and deriving Product Sustainability Budgets from already existing business cases, or real figures and calculations of the sustainability package, would add to the findings of this paper. Next steps towards improving the presented approach could be to (1) apply the strong interpretation of sustainability in the LCSA framework, i.e., not allowing for trade-offs between sustainability dimensions, (2) devise a sustainability interior package that also features the improvement of social impacts, (3) carry out a WTP study for this interior package in additional markets, (4) investigate how to include the entire vehicle life cycle in the assessment, and (5) develop a sustainability interior package that is actually offered to customers to determine the effective profit that is reaped through product sustainability improvement.
